Understanding Collaboration

Cognitive Task Analysis
One method for exploring the skills that will be needed in network-collaborative environments is Cognitive Task Analysis (CTA). CTA is a set of techniques (e.g., Klein, Calderwood, & MacGregor, 1989 ) that were designed to take advantage of the experience of a subject-matter expert (SME) in order to understand a complex process, job, or task. Especially in situations where time pressure, high stakes, and ambiguity of information are present, CTA allows the researcher to probe the experiences of the expert for insights into exactly how critical decisions were made. In the context of network collaborations, experts who have used the relevant technology many times, under the environmental conditions of interest, can provide valuable information about what makes this process difficuh and where attention must be focused in order to improve performance, all from a user's point of view.
It is difficult to find such expertise as these environments are only now emerging in response to changing missions and technologies. To envision this new battlefield, the SCUDHunt game is being used to simulate that environment. To understand the collaboration skills that may be needed in the new battlefield environment, Klein Associates conducted a CTA using researchers who were proficient at collaborating in the SCUDHunt context. The purpose of the CTA was to suggest the types of collaboration skills that should be considered when the SCUDHunt data are analyzed.
Task Diagram
A Task Diagram (MiUtello, Hutton, & Miller, 1996; Militello, Hutton, Pliske, Knight, & Klein, 1997) was used first to lay out the major tasks in the simulated environment and to identify which tasks are most cognitively challenging. Three experienced SCUDHunt players were interviewed to determine the primary tasks in playing the game. The interviewees were asked to come up with three to six main tasks that cover the performance in the game and then to indicate which of these tasks were the most cognitively challenging. Later, the results of the Task Diagram were compiled into one graphic representation reflecting the input from all three interviews, and this Task Diagram was reviewed with the interviewees before finalization.
The final Task Diagram synthesizing the interviews with three proficient SCUDHunt players is shown in Figure 1 . Twelve tasks were identified as comprising SCUDHunt performance:
• Know own and partner's assets
• Generate own plan for asset placement Of the 12 SCUDHunt tasks, 5 were identified by the interviewees as cognitively challenging. These tasks include the following:
• Generate own plan for asset placement
• Coordinate own plan with partner's plan
• Consider reliability of assets to assess resuhs • Consider any previous inteUigence and interpretations
• Generate own Strike Plan
Knowledge Audit
A Knowledge Audit (Klein & Militello, in press ) was used to further assess the five tasks that were identified as cognitively challenging to understand the nature of the challenges and the collaborative aspects of the tasks. The Knowledge Audit consists of a set of probes designed to extract expertise along a number of dimensions: understanding the big picture, noticing important cues, strategies for working smart, noticing opportunities for success, and self-monitoring. The interview is based on obtaining examples of each of these dimensions and probing to understand the cues and strategies the proficient or expert performer uses, as well as what they believe makes the task difficult for the novice.
The results of the three interviews were compiled into one Knowledge Audit table and the strategies, cues, and difficulties were reviewed to see what cognitive skills and fiinctions were indicated based on the frameworks reviewed below. The following tasks were combined in the final table of interview results, because the findings were so intertwined: consider reliability of assets to assess results, consider previous intelligence, and generate own Strike Plan. The findings are displayed in Appendix A.
Cognitive Frameworks for Understanding Collaboration Behaviors
Three sources were used as potential categorizations of cognitive functions. These fi-ameworks are shown in Appendix B. The first source is a report from a cognitive testing project that was conducted for the Navy (O'Donnell, 2001 ). A cognitive model and a final list of cognitive functions for the project are shown. The second is the list of training cognitive objectives that were generated for team decision skills training for firefighters (Harris, Malek, Ross, & Thordsen, 2002) . The third is a matrix of cognitive skills generated as part of a situation awareness project (Klein, 2001) .
When the results of the CTA and the cognitive frameworks were combined, a Ust of tasks, skills, and functions was generated. These are shovm in Table 1 below. Cognitive Functions • Perceptual processing • Short-term memory (to maintain overall picture of search area and to hold procedural and declarative knowledge)* • Working memory * hi this case, declarative and procedural knowledge are not retrieved firom longterm memory for use in working memory, but are all held in short term memory while other skills/fiinctions are executed. Memory aids (cheat sheets) are used to support shortterm memory.
Communication and Distributed Teamwork Frameworks for Understanding Collaboration Team Communication Variables
A communication framework was suggested as a manner of investigating collaboration behaviors evidenced in SCUDHunt. The framework was organized to facilitate a content analysis of the SCUDHunt data. Content analysis is "a research technique for making inferences by systematically and objectively identifying specified characteristics within a text" (Stone, Dunphy, Smith, & Ogilvie, 1966) . For those interested in exploring communication, content analysis allows for the examination and identification of messages found in a text. Content analysis was a very popular method of analyzing public and mass mediated communication in the 1970s and 1980s when hundreds of journal articles on television programming and poUtical communication were published using this methodology (Comstock, 1975; Jackson-Beeck & Kraus, 1980) .
The main goal of content analysis is to describe the characteristics of messages embedded in texts. Krippendorf (1980) identified four advantages to content analysis. First, it is unobtrusive because it studies texts that already exist. Second, it accepts unstructured material, which observers categorize. There is no need for structured interviews or questionnaires. Third, content analysis allows a researcher to study data within a context. Last, it is able to handle massive amounts of data.
One type of content analysis is a conversation analysis. Conversation analysis examines messages exchanged during dyadic or small group interactions in order to discover the "systematic and orderly properties which are meaningfiil to conversants [and researchers]" (Heritage, 1989) . The basic process of conversational analysis is to obtain conversation data, transcribe from oral to written form, develop coding schemes, categorize messages into schemes, analyze codings to describe and draw inferences about the content, structure, or effects of conversation, and report the findings.
It should be noted that suggestions and criticisms have been made about the reliability and objectivity of content analysis. Specifically, Kolbe and Burnett (1991) suggest that objectivity of content analysis studies can be improved by precise definitions and operational rules and by utilizing coders that are independent of both the authors of the research and each other. They go on to suggest that the method for determining intercoder reliabiUty should be documented in the research.
A framework for performing a content analysis of the SCUDHunt data is shown in Appendix C. It includes variables associated with "Task Roles," "Team Maintenance Roles," and "Self-Oriented Behaviors." In addition to Appendix C providing a framework, it also includes part of the SCUDHunt data coded into the appropriate categories as a sample of how the analysis could be carried out.
There are generally two types of roles individuals need to take on to make a team fiinction in a collaborative manner-^those concerned with completing the team's tasks and those concerned with the social and emotional needs of the group (Ketrow, 1991) . Both types of roles are essential to an effective team. Task roles are concerned with getting the job done. Those who function in task roles help move the group toward its goal and help the group be adaptable to needs and changes along the way. Maintenance roles are concerned with the team getting along, and focus on developing ways to express and deal with emotional dimensions of working in a group. Li addition, there are selfcentered roles that are identified as when individuals focus on their own needs, which detracts from collaboration. Most effective team members will be able to adapt to take on a variety of these roles as needed (and avoid the self-centered behaviors) to keep the team functioning effectively. The categories for the coding scheme are derived fi-om Hare (1994) and Ketrow (1991) .
To carry out the content analysis, a minimum of four coders should be used. There should be an equal division of men and women to control for gender differences in perception of behaviors. Each should be trained in the coding procedures. They should be given a coding sheet along with an explanation of the procedures. They should be questioned to determine their understanding of these procedures. Together, coders should conduct a mock analysis of one interaction. Then coders should code a second interaction separately. After completing this interaction, coders should meet to discuss their degree of agreement. After the initial training, coders should be assigned to code interactions separately. Of these interactions, two should overlap to serve as a measure of intercoder reliability.
Distributed Teamwork
From our work with distributed teams (Wiggins & Klinger, 2001) we compiled a number of challenges or points at which distributed teamwork can break down. These are exchanges of information, goal conflicts, synchronization overhead, diagnostic overhead, building and maintaining situation awareness, distributing situational awareness, and rigidity. We used these elements to construct another matrix that could be used to analyze the collaborative exchanges during SCUDHunt. This matrix is shown in Appendix D. The matrix also provides an example of some of the SCUDHunt data coded into these categories.
Future Research
Future research must examine the behaviors of trained personnel collaborating in rich contexts. Instances of the distributed teamwork breakdowns discussed above must be captured and analyzed to understand the gaps in performance. It is very likely that for lower-level soldiers to be good collaborators, they will require training that quickly strengthens their tactical thinking skills even at lower ranks and echelons so they can recognize what is important to report. We must also increase their awareness of key areas in which distributed teamwork can break down, and train behaviors to monitor and repair such breakdowns. This may include training in task roles, team maintenance roles, and self-monitoring roles indicated in the research fi-ameworks discussed here. 
Attention management
• Recognize high payoff information as a result of the application of cognitive skills (the story and expectancies generated) in a given situation.
• Manage interruptions by completing the development of a story Une, returning to generation of expectancies consistent with that story line, and continuing to assess new information in the context of the story Une. Example: My story indicates that the enemy are behind what I believed was the fHendly fi-ont line, therefore the appearance of a large fuel tanker truck in the north is important information.
Mental models
• Recognize mental models in a domain across situations: i.e., how components interact to cause outcomes, given complete information.
• Construct assumptions about how components can interact given incomplete information. Example: If we fire on scouts, they will alert the larger enemy element. The large fuel tanker coming fi-om the north indicates that a large enemy unit is already positioned to our north.
Uncertainty management
• Recognize irrelevant information as a result of the appUcation of cognitive skills in a given situation.
• Actively assess one's patterns, mental models and affordances to test the robustness of the predictions made by one's story. Example: Reports on displaced citizens clogging the road behind me are not useful in refining the story. Assessing the probability as high in a given situation (such as night or mud), strengthening the decision for action based on a saUent affordance.
Affordances • Identify affordances (what is possible
and not possible in the situation) that result fi-om those mental models in a given situation. Example: It is possible for me to get a tank company to the top of that hill in five minutes. It is possible for one friendly tank company to defeat 30 enemy tanks when they are laagering.
Adjustment mindset
• Evaluate the story that one has built or actions on is taking based on that story in order to accommodate new information and avoid fixating on a limited or erroneous interpretation. Example: Evaluating one's model of the enemy when one realizes that it was too static. 
Description of Challenge
